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{54) Reception automatic gain control system and method 

(57) An automatic gain control system is disclosed 
which incorporates a control error amplitude hmftng c.r- 
3 to provide fee gain control tor relatively small con- 
fro Sro values, while providing limited gam renewal 
va uJs to maintain ampWier stability tar relative* large 
control error values. In another embod.ment, an auto- 
mate gain control system is disclosed which incorpo- 
rates a variable scaling means which scales the control 
error with coefficients selected in accordance with the 
posive or negative sign of the control error to provide 
KSmum coL. loop response rates wh,c .are the 
same for both increases and decreases in s.gnal 
powi Lomatic gain control systems and methods are 
Eosed which respectively limit the control error 
amplitude and sca.e the control error with coetf.c.ente 
selected on the basis of the cotnrol error be.ng erther 
positive or negative, to provide improved, more prec.se. 
and more symmetrical amplifier gain control. 
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Description 

The present invention relates to an automatic gain control system and method for a communication system, and 
more specifically to an automatic gain control circuit for use in a receiver of a mobile communication system. 

5 

Background of the Invention 

Mobile communications systems face continual demands for increased subscriber capacity and improved signal 
reception. However, improvements in signal reception tend to rehire increased transmission power, which generally 
w comes at the expense of subscriber capacity. Improvements are disclosed herein which aid in satisfying both of the fore- 
going demands. 

In recent years, the Code Division Multiple Access (CDMA) Standard has been adopted for use in mobile commu- 
nication systems, particularly in North America. Systems built according to the CDMA standard require an automatic 
gain control (AGC) circuit for providing a controlled reception signal level to permit adequate conversion of the reception 

75 signal from analog to digital form despite large fluctuations in the level of the detected input signal. An AGC system is 
disclosed herein which provides improved control over the reception signal level. 

In a terrestrial mobile communication receiver, the detected input signal at any given location includes a plurality of 
multipath components. Muttipath components result from the transmission of a signal along multiple paths due to the 
reflection, diffraction and scattering of radiowaves. When multipath components of a transmitted signal are in phase 

20 with each other, constructive; interference results causing intensification of the received signal. However, when multip- 
ath components of a signal oppose each other in phase, destructive interference results, which reduces the amplitude 
of the received signal, often drastically. 

When a mobile communication receiver is moved from place to place in a multipath transmission environment, the 
intensity of the electromagnetic field varies, often by an order of magnitude or more. Such variation in the electromag- 

25 netic field is called Rayleigh fading. The Rayieigh fading causes variations in the envelope of the signal amplitude and 
phase variations. While signal amplitude envelope variations follow a Rayleigh distribution, phase variations follow a 
uniform distribution. 

In existing mobile communication systems which operate according to the CDMA Standard, a technology known 
as transmission power control has been used to compensate for variations in the strength of signals received from 

30 mobile communication transmitters resulting from the varying distances at which they are operated with respect to a 
base station. A description of transmission power control technology can be found in U.S. Patent No. 5,056,109 ("the 
*109 Patent"). The '109 Patent describes a specific technique known as "open loop transmission power control" in which 
each mobile station estimates the loss in transmitted signal power from a base station by determining the received sig- 
nal strength of a detected input signal. In that system, mobile stations use the estimated received signal strength to 

35 select a transmission power level so as to provide an expected signal to noise ratio at a base station on the receiving 
end. 

Transmission power control techniques such as described in the '109 Patent are capable of compensating only for 
average transmission loss, a phenomenon which has origins and effects distinct from those caused by Rayleigh fading. 
Average transmission loss is primarily a function of the distance between a base station and a mobile station; its effects 

40 vary slowly in time. Transmission power control techniques are not intended to or capable of compensating for Rayleigh 
fading, a phenomenon which results in abrupt large fluctuations in received input signal level. 

As stated above, mobile communication systems which employ transmission power control vary the transmission 
power according to the estimated received signal strength as determined by an automatic gain control (AGC) circuit of 
the mobile station. Consequently, the responsiveness and accuracy of the AGC circuit greatly affects the transmission 

45 power setting, and, in principle the overall performance of the mobile communication system, because more accurate 
transmission control permits larger groups of subscribers to be served with improved signal reception. Since the total 
transmission loss in mobile communication systems can reach 80 dB or more due to the combined effects of distance 
and interference, e.g., Rayleigh fading, and is subject to sudden, large amplitude fluctuations, an AGC circuit which 
responds quickly and operates stably under such conditions is essential. 

so The description of the prior art example AGC circuits and the several embodiments of the present invention are 

best understood by reference to the drawings incorporated herein. Accordingly, these drawings are described now. 

Brief Description Of The Drawings 

55 FIG. 1 is a block and schematic diagram of a first example of a prior art automatic gain control circuit. 

FIG. 2 is a graph illustrating the gain renewal values which are obtained with respect to signal power for the prior 
art automatic gain control circuit shown in FIG. 1 . 

FIG. 3 is a block and schematic diagram of a second example of a prior art automatic gain control circuit. 

FIG. 4 is a graph illustrating the gain renewal values which are obtained with respect to signal power for the second 
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~££Z*X££!ZZ£Z*» a— 9 *n con,o, c,rcu« «— * 

— — - — * ™~ ,o * na ' " ,he ,,r5 ' 

-~^OT,5SSSS:S? 1 U*- — 9 ain control circuit — — m 

embodin«nt ol the present taOt '„„ M „» reference to FIG. V In FIG. 1 ■"'™« r ™- 

M «5Cctaitotaprio.^-ec™ e . S y S t.™».»"^^ noy eigna , ,. An <•; 

AM frequency ampule. 2 is used to arrplily^s detected mKrm irMmtediato frequency s.onal to 

qucncy/Sseband conversion mM,r» 3 « used to ^^^^ a9na W o a digrre. s^nal 5. The drgrtal 
Kind- An analog to digiul (A/D) converter ^ "~^^K^„o»n) and to a po»« calculation means 6. 
sion.l 5 is output from the AGC circuit to a digital 1 " ,mod ***°" ^ 5. hontrol error detecting means 7 sub- 

The pow» calculation means 6 calculates the ^"^,^0, 9rror signal. Unearflooanthrnic conye • 

minus inf inity in those regions. . , . „ rithmir ™, e con trol error signal with a scaling coefficient to output a 

for example, for transmission power control. intermediate frequency amplifier 2 such that 

^Tprior art AGC circuit of FIG. 1 operates to control the ^a.n - *j«*m ^ ^ ^ q{ ^ ^ 

the Sand signal input level to A/C ^converter 4* ™*™f£ £££Sf digita ? sig nal 5 is calculated by power 

vidXa cumul^gmeansll.thecontro. errors!^ signal js then sca ,ed by 

version'means 9 to effect ,e f b *^^^ 

multiplication with a scaling coeff.centin ^^^^SminJthe control loop response speed of the AGC ^r 
means 11 . The scaling coefficient used .n the AGC value _ wnicn provides faster control loop response, 
cuit Thatis. a larger scaling coefficient results, n large 9 a ^^ . 
A smaller scaling coefficient results in a *"*^^£££ um to the gain control value used in the previous 
After scaling, the accumulating means " ^ ^^^e. The relationship between the gain control value 

:r d ihT^ 
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0) 

g = G exp[- av] 



(2) 
y = gx 
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(3) 

20logx = 20log(y/G) + 20avlog e (dB) 

whicf are Produced by operation of the receptor, ^^^^^L loop response rate, In the prior 
corTol \oop response rates, while smaller ga.n ^^'^^^"jb^een -V and + V with the number of quan- 
XampTe ciSit of ™^™<%££T- 2^ " a rShecaiculated signa. power p output from power 
tization steps M determined by bits N. sucn tnai m 
TaSation means 6 has a value in the fo.lowmg range. 

V 2 /(M-1) £p£ V 

^ RtnhpR and the coefficient used by the scaling 
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where sign [-] denotes the function 



(5) 

Ksign[R-p]log(|R-pl) 



(6) 

sign M = +1 for x ;> 0 



sign [x] = -1 for x £ 0 
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Itfol.c^s from the above equ^^^^ 
cient K since the signal power p is limited to the range ofthe A/D co ^ ..^ K fe used f set 

X a t AGC circuit described here and the one descnbed in J^SS" f n systems where f iner gain control and 
S„ g the maximum control .oo P "^^.^SffSJSJl. used in systems where a higher control loop 

"aTdeS 
Ray^ 

AGC circuit has a high control loop response rate, me fluctuations. 

V = 5.0. R = 2.5. K = 1 .0 and N = 4 (M = 16) whjch are obtained for increases 

As is understood by examining FIG. 2. the range of gam renewal ^es <oto , ^ ^ oMamed 

insig^^ 

for decreases in signal power (i.e. 0 dB to 14 dB). i " J mmetric control loop response 

positive and negative changes in signal power can be referred to ^as y ^ ^ & ^ sjgna , power range 

puiui - kll *rMit of cr.alina 
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DUt Ot DOWer fJdit-uiauu, . . . — — - 

gain renewal value = Klog(FVp) 

specific parameter settings: 
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V = 5.0, R = 2.5, K = 1 0 and N = 4 (M = 1 6) ujt results in the maximum and 

As understood from an examination of FIG. 4. the operat.on < , level . respectively. Since the max- 

minimumlain renewal values of +1 A and -1.0, for decreases ™^ ^ maximum contro l loop response rate 
Zm and minimum gain renewal values differ in magmtude (ue. +1 lA ^ accuracy of tne rece.ved 

is different depending on whether the signal level has '"J^^S^ Actuations can vary. Inaccurate est,- 

Another object of the invention is to provide an automat y in input stgn al level. 

generally smaller control error values than ex.st.ng systems and pro 
nal strength of a transmission. 

immnrv ni * he Invention „„ 
SummaCta tm wAGQ system and method of the present .nven- 

Thesa and other objects are provded by the automatic S*"™* 0 ^^* &fQ1 arnplrtude ,imiting 

^==^"~--~— 

,oo P response rate for relatively small control errors. ^ ided whicn reduces asymmet- 

P |n another embodiment of the present -nventon. an AGC system enQf values . Th e AGC system 
rtc control loop response of the AGC circurt wrth reject to J-J^ gating a variable scaling .means whK* 

^^^^ 

tr01 S,y the present invention operates 

operate These effects increase the operational ^^^^^c control loop response w,th respect to 



35 received signal strength. 
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Sore. on.y the new features of the present «• reception AGO system provides 

5 Through amplitude-limiting and other operat.ons as descnbed in the toreg 

gain renewal values as indicated below: 

fted - ID 6 ' 10 ) £°r 10 log(p/W i « (9 » 

„ UR-pl-W - P > *« » , XO loglp/W > -« 

U(i - io- 6/1 °) for 1° l°g<P/ R > i " 6 

as follows: _ _ . 

V=5.0. R=2.5, K=1 .0, N=4 (M=16) and 5 = 2.0. amplitude gain renewal values for rel- 

As can be seen from FIG. 6. the present ''^J^^!^^^ renewal values lor relatively 

;eU e ~";^with^ 

FIG 7 contains a block and schemata diagram show the «ns FIG. 7. reference numerals 1 

gain control (AGC) system constructed j^*^ 

throuah 9 1 1 and 14 indicate elements which are the same as mose o logarithmic scale con- 

leforegoingwithrefe^^^^^ 
trol error output of the linear/logarithmic conversion means 9 with a scaling 
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follows: , 

lor R - p ^ 0, select coefficient Kl 



IUI I i p-* u i 

ance with a third embodiment of the present mvention. In FK3. 9, r **™™™ M described in the foregoing with refer- 
ents which are the same as the second ^^^Z elSl^ of the present invention operate the 
so ence to FIG. 7. The elements of the recep .on ^^^^^ conversion means 9 is used to perform the 

"tS^* aspect to the second embodiment 
ss assig^tothecoefficientsKI and K2 determine ^^S^^^^^'^^ 
and decreases in signal level. For example, if contrcrt °^ res ^ o{ the ND con verter 4, the coefficient values 
increases and decreases in signal level wh.ch exceed ^J^^J^ 10 . In FIG. 10, the values shown were 
K1 and K2 are selected to provide gain renewal values such as shown 
obtained with the specific parameter settings as follows: 
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V-5 0 R=2.5, K1 =1 .0, K2=0.71 , and N=4 (M«1 6) embodiment of the present invention the 

As understood from an examination of FIG. 1 JJJ^jSSS « SSS of the sign of the control error. As a 

racy in estimating receded s.gnal strength are .mp embodirne nts thereof. 



a.im 1 »h«.te said control .rror ao™* a™ Inw «* « « «« 



40 



45 



50 



55 



7 



EP 0 812 064 A2 

na.s ,„ accordance .he sion o, said art* «, sfcna.s .0 «ene,a,e - 0* «— — 

of said control error detecting means. 

' . The S * co^o, system - C.aim 7 M « a « « — * — " 

Sid »n« e,» delving means and said variable scal.n, means. 

to steps of: 

generating control error signals; „ onorat p amolitude-limited control signals; and 

nai in aceo.di.ncev* the sign ot said cent* «ror«gn*. 

the steps of: 

variably scaling said logarithms error s.gnals to generate sa.d gam re 
,4. Ara *«, WB «— * ^. U e= fo ,»n„c»in g ana U ,«n« 0 a,nco«,c,s ySt e m .c m pn 8j n 9 ,he 5te ps 
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B ^^^^^«'«^*^" tod,, - ,-po ~ , '" , * ,,, ' n,x '" 

35 signals. 

1 5 An automatic gain control system comprising: 

a va„a«e « receive and . c~c«on *- * «— - ^ 

16 . The a u toma»o ,* con,* syst.m o, Cain, ,5 said process n»ans sca.es -nW a™ si.nais 

so with fixed scale factors. 

„ ™ a u »ma fc con,, syst.m «, C.aim ,5 — . said P« means sca.es sa.d c*o, m siona.s 

with variable scale factors. 

means for amplitude limiting said control error s.gnals. 
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ain control system of Claim 19 wherein said, processing , 



, means scales said control error signals 

. -i 4^^-. f Maim 14 wnmein oai«. r-** w J 

20. The automatic gain < 



with variable scale factors. 
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